ABSTRACT: Feeding manufactured liquid diets to early-weaned pigs improves growth performance and reduces days to market weight compared with pigs receiving pelleted dry feed. Few alternative dietary ingredients are utilized in manufactured liquid diets other than byproducts of the dairy industry, especially for sources of carbohydrates. This experiment was designed to evaluate the efficacy of starch from partially hydrolyzed corn syrup solids (CSS), at two different levels of hydrolyzation, as a replacement for lactose in manufactured liquid diets. Forty-eight pigs were removed from sows at 1 d of age and randomly assigned to one of three treatments: 1) control with lactose as the carbohydrate source, 2) lactose replaced (gram for gram) with CSS (dextrose equivalent , and 3) lactose replaced with DE-42. In addition, 10 pigs were randomly removed from several litters to provide estimates of initial body composition and small intestinal variables. Twenty-four pigs were removed from the study on d 10 of treatment, and the remaining 24 pigs were removed on d 20 of treatment. Pigs averaged 9,845
Introduction
The lactating sow limits nutrient intake and, therefore, the growth of baby pigs, especially after approximately 8 d of lactation (Harrell et al., 1993; Zijlstra et al., 1996) . Supplementation of nursing pigs with creep feed has been largely ineffective in increasing weaning 1 We acknowledge A. E. Staley Inc. (Decatur, IL 62521) for partial donation of the Star Dry 42 and 20 corn syrup solids. The authors wish to thank Ellen Leonard for technical assistance. The authors would also like to thank Jenny Brown, April Killabrew, Jimmy Mauney, Angela Mims, Anne Nicholson, Rosemary Stowers, and Robby Upton for assistance with animal care.
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± 191 g at d 20 of treatment regardless of dietary treatment (P > 0.20). No differences in ADG, ADFI, or feed efficiency were detected between treatment groups from d 0 to 20 (P > 0.19). Whole-body water, protein, lipid, and ash accretion rates were unaffected by dietary treatment from d 0 to 10 or from d 0 to 20 (P > 0.20). The replacement of lactose with CSS did not affect intestinal villi height or width, or crypt depth (P > 0.10). Pigs fed lactose tended to have greater lactase activity on d 10 than pigs fed CSS (P < 0.07). Also, pigs fed lactose tended to have lower oligosaccharidase activity than pigs fed the DE-20 diet on d 20 (P < 0.07). No other differences in lactase, maltase, or long oligosaccharidase specific activity on d 10 or 20 of treatment were detected (P > 0.12). Plasma urea nitrogen concentrations were unaffected by diet on d 10 and 20 of treatment. In addition, dry matter digestibility of the diets averaged approximately 85.6 ± 0.8% and was unaffected by dietary treatment or day of treatment. These results suggest that partially hydrolyzed CSS can be used as a replacement for lactose in manufactured liquid diets for neonatal pigs.
weights (Okai et al., 1976; Hampson and Kidder, 1986; Kelly et al., 1990) . Azain et al. (1996) observed increased pig weights when nursing pigs were supplemented with milk replacer. Artificial rearing of pigs with manufactured liquid diets has led to an increase in weaning weights (Lecce, 1975; Zijlstra et al., 1996) . Also, increases in preweaning growth are not lost in subsequent phases of production, which results in fewer days to reach market weight (Mahan and Lepine, 1991; Kim et al., 2001) .
The growth performance of young pigs (<14 d of age) fed diets formulated with traditional feedstuffs is poor (McCracken et al., 1980; Kats et al., 1994; . The inclusion of milk products and blood products into the diet has improved pig performance (Kats et al., 1994; Dritz et al., 1995; Bergstrom et al., 1997) . Carbohydrate sources have been evaluated as partial or total replacements for lactose in manufactured liquid diets for young pigs. The carbohydrate sources examined include glucose (Aherne et al., 1969) , sucrose (Kidder et al., 1963) , fructose (Aherne et al., 1969) , xylose (Wise et al., 1954) , maltodextrin (Vega et al., 1992) , cornstarch (Veum and Mateo, 1981) , and wheat starch (Leibholz, 1982) . With the exception of glucose and sucrose in pigs over 1 wk of age, these sources of carbohydrate resulted in lower growth performance compared with lactose. The objective of this experiment was to evaluate the nutritional value of partially hydrolyzed corn syrup solids (CSS) as total replacements for lactose in manufactured liquid diets. We hypothesized that neonatal pigs could utilize partially hydrolyzed CSS as well as lactose in manufactured liquid diets.
Materials and Methods

Animal Care
General. All procedures were approved by the Institutional Animal Care and Use Committee of North Carolina State University. A total of 64 piglets from 10 sows were obtained from the university's Lake Wheeler Road Swine Educational Facility and moved to the Grinnells Intensive Swine Research Laboratory at approximately 1 d of age. Pigs were placed in individual cages (length, 0.5 m; width, 0.3 m; and height, 0.4 m) in an environmentally controlled room (32°C) and trained to consume liquid diet from a gravity flow feeding system adapted from McClead et al. (1990) . Briefly, the cross-cut nipple, designed for human infants, was coated with manufactured liquid diet to encourage the pig to accept the nipple. Once pigs were exhibiting nursing activity, manufactured liquid diet was manually dispensed through the nipple. This process was repeated at 45-min to 1-h intervals for every pig until they had learned to suckle. The feeding system consisted of bottles suspended above the cages with tubing connecting the bottle to the permanently affixed nipple. Pigs (n = 58) that were routinely consuming the liquid diet after 12 to 16 h of training were selected for the experiment. Fortyeight pigs were randomly assigned to one of three dietary treatments: 1) control with lactose as the carbohydrate source, 2) lactose replaced (gram for gram) with CSS (dextrose equivalent , and 3) lactose replaced with CSS DE-42. Eight pigs from each treatment were randomly selected for termination on d 10, and the remaining 8 pigs per treatment were continued on test until d 20. The remaining 10 pigs were utilized for d-0 tissue collections. All pigs were killed via AVMAapproved electrocution followed by exsanguination (laceration of the brachiocephalic arteries).
Animal Feeding and Diets. Table 1 shows the composition and calculated analysis of the experimental diets. Diets were reconstituted at 150 g/L of water (approximately 12% dry matter) and were formulated such that 95% of the lactose in the control diet was from added lactose. This allowed for essentially total replacement of lactose (gram for gram) with starch from CSS (dextrose equivalents [DE] of either 42 or 20). The dextrose equivalent is defined as the number of end dextrose units expressed as a percentage of the total dry substance. The partially hydrolyzed CSS diets contained only 2.0% lactose. Characteristics of the carbohydrate fractions of the diets are presented in Table 2 . Fresh manufactured liquid diet was added four times daily (0800, 1300, 1800, and 2300) to minimize spoilage and to ensure that pigs had ad libitum access to the diet. All components of the feeding system were cleaned thoroughly prior to the first feeding (0800) with a liquid chlorinated detergent (DS Liquid: Command, Diversey Corp., Wyandotte, MI). The liquid diet was prepared on a daily basis and stored at 4°C.
Cobalt EDTA was prepared as described by Uden et al. (1980) and was added to diets approximately 36 h before the removal of pigs from the experiment as an inert marker of dry matter digestibility. All digestibility diets were identical to treatment diets, with the exception of 0.1% CoEDTA added to the dry formula.
Sample Collection and Analytical Procedures
Performance, Blood Collection and Plasma Urea Nitrogen. Feed disappearance was determined gravimetrically on a daily basis. Pigs were weighed, and blood was collected via jugular venipuncture on d 0, 5, 10, 15, and 20. After collection, blood samples were centrifuged (Beckman, model J-B6) at 824 × g for 10 min with plasma collected and frozen at −20°C until further analysis. Plasma was analyzed for urea nitrogen by the quantitative urease/Berthelot procedure (Sigma Diagnostics, St. Louis, MO) based on methods described by Fawcett and Scott (1960) , and Chaney and Marback (1962) .
Tissue Collection and Analytical Procedures. Immediately after death, the abdomen was opened and the gastrointestinal tract was removed from the gastroesophageal junction to the distal end of the rectum. The jejunum and ileum were separated from the duodenum, stomach, and mesentery from the peritoneal inflection to the ileocecal junction. The anterior and posterior ends of the removed small intestinal segment were noted, and the jejunum and ileum were laid in 60-cm loops. The midpoint was marked, and the intestine proximal and distal to this midpoint was considered jejunum and ileum, respectively. At approximately midjejunum and mid-ileum, two adjacent segments, one 3 cm and another one slightly larger than 10 cm in length, were removed. Digesta contents were taken from the distal ileum and frozen (−20°C) until dry matter digestibility analysis (AOAC, 1997). The remaining digesta contents were removed, and the empty carcass was stored at −20°C until ground and analyzed by proximate analysis (AOAC, 1997).
The 10-cm intestinal segments were opened longitudinally, and the mucosa was scraped with a glass slide and weighed (Dahlqvist, 1964) . The mucosa was transferred to a Kontes tissue grinder and homogenized in 4 vol (vol/wt) of ice-cold 0.9% NaCl solution. All samples were frozen at −20°C until further analysis. Mucosa homogenates were thawed at room temperature and centrifuged at approximately 1,800 × g for 10 min. The supernatant solution was removed and diluted 1:10 with cold 0.9% NaCl. The diluted supernatant liquid (0.1 mL) and respective substrate solution (0.1 mL; 0.056 M) were added to a 13-× 100-mm borosilicate glass test tube. The substrates utilized were lactose, maltose, and two oligosaccharide substrates of approximately 5 and 23 glucose units (Carbomer, Westborough, MA). The tubes were immersed in a constant-temperature water bath at 37°C, at 30-s intervals. After 60 min of incubation, distilled water (0.8 mL) was added and the enzymatic reaction was immediately terminated by immersing the tube into boiling water for 2 min. Blanks with the same composition were prepared for all samples and were immersed into boiling water immediately after mixing of the enzyme (mucosa) and substrate. After boiling, the tubes were cooled and the glucose concentration was determined (Sigma Diagnostics, St. Louis, MO). The linearity of the assay for each carbohydrate substrate was confirmed in the laboratory (data not shown). Enzyme activity was expressed as micromoles of glucoseؒmin
. Maltase activities from the present study are higher than those reported by other researchers because we did not account for the release of two glucose molecules for each hydrolysis of maltose. This correction was not made because of the inability to correct for multiple glucose units in the oligosaccharide substrates.
The 3-cm intestinal segments were processed, embedded, and stained according to procedures described by Luna (1968) . The segment was flushed and then submerged in cold phosphate buffer solution (PBS), pH 7.4, for approximately 5 min, before being transferred to fresh chilled fixative solution (FEA: formalin, 95% ethanol, and glacial acetic acid solution). After approximately 5 min in FEA, each segment was placed into a 30-mL scintillation vial containing fresh fixative solution and stored at 4°C. After a 24-h fixation, the solution was replaced with 70% ethanol and samples were then stored at room temperature. Segments were dehydrated over a 2-d period using increasing concentrations of ethanol (80% to absolute) and chloroform. Segments were embedded in paraffin and then refrigerated (4°C) to sufficiently harden the paraffin before sectioning. Cross-sections of the small intestinal segments were cut approximately 5 µm thick with a microtome (American Optical Co., Scientific Instrument Div., Buffalo, NY). Slides were placed in a vacuum oven (60°C) overnight and were then stained with hematoxylin and eosin-Y. Morphometric measurements were performed by one person using light microscopy with a computerassisted morphometric system (BioScan Optimetric, BioScan Inc., Edmonds, WA). The height, width, and crypt depth (millimeters) of four well-oriented villi per sample were measured.
Statistical Analysis
Data were subjected to analysis of variance using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). Performance data were evaluated for the effect of carbohydrate source, pig, and their interaction. Plasma urea nitrogen data were evaluated for the effects of carbohydrate source, day, pig, and all appropriate interactions. The carbohydrate source was contrasted using a protected least significant difference test (Steel et al., 1997) for performance and plasma urea nitrogen (PUN) data. for body composition, enzyme activity, and morphology measurements to determine the effects of time and carbohydrate source. A repeated measures test was performed with intestinal location as the repeated measure replicated twice (jejunum and ileum). Orthogonal contrasts tested for effects of carbohydrate source, day, and their interaction. The experimental unit for all statistical procedures was individual pig, and the significance level for all tests was set at P < 0.05.
Results
Performance
Overall, pigs gained 382 ± 14 g/d during the test period (Table 3) , which resulted in pigs averaging 9,845 ± 191 g across all treatments by the end of the experiment. The replacement of lactose with partially hydrolyzed CSS did not (P > 0.24) affect growth rate for the entire 20-d experiment. There were no differences (P > 0.16) in growth rate between pigs fed lactose and CSS from d 0 to 10, but the pigs fed lactose gained weight at a faster rate than pigs fed CSS from d 10 to 20 (P < 0.003).
Across all treatments, ADFI was 104% greater from d 10 to 20 than from d 0 to 10 (P < 0.001). The replacement of lactose with CSS did not (P > 0.42) affect ADFI during any portion of the experiment. Pigs were approximately 57% more efficient (G/ F) from d 0 to 10 than from d 10 to 20 for all treatment groups (P < 0.001). Gain/feed was not different (P > 
Body Composition and Tissue Accretion Rates
The replacement of lactose with CSS did not affect (P > 0.40) the body composition of pigs on d 10 or 20 of treatment (Table 4) 
Small Intestinal Morphology
Jejunal villi height decreased (P < 0.02) from d 0 to 10 for pigs fed lactose (Figure 1 ), but no further change 
Enzyme-Specific Activity
The replacement of lactose with CSS did not affect (P > 0.14) jejunal or ileal lactasespecific activity on either d 10 or 20 of treatment ( Figure  2 ). No differences (P > 0.07) were observed in jejunal lactase activity between d 0, 10, or 20, regardless of dietary treatment. Ileal lactase-specific activity did not change from d 0 to 10 (P > 0.10) but decreased approximately 50% by d 20 (P < 0.03). The only difference observed between intestinal locations was in the pigs fed lactose on d 20, in which the jejunal lactase activity was greater than the ileal activity (P < 0.03). No differences (P > 0.10) were observed in maltase activity on d 10 or 20, regardless of dietary treatment or intestinal location (Figure 3) . In all pigs, maltase-specific activity increased from d 0 to 10 (P < 0.02), with a further increase from d 10 to 20 (P < 0.007). Maltase activity increased approximately 14-fold and 10-fold in the jejunum and ileum, respectively, from mucosa collected at d 0 compared with d 20. Intestinal location differences were observed in pigs fed lactose and CSS (DE-42) at d 10 (P < 0.033), and in pigs fed lactose at d 20 (P < 0.001), in that the jejunal maltase-specific activity was greater than found in the ileum. There were no differences (P > 0.10) observed in oligosaccharidase activity for d 10 or 20, regardless of dietary treatment or intestinal location (Figure 4 ). Jejunal oligosaccharidase increased from d 0 to 10 (P < 0.008) and further increased to d 20 (P < 0.001). No difference (P > 0.11) was observed in ileal oligosaccharidase activity between d 0 to 10, but increases were similar to that of the jejunal oligosaccharidase activity from d 0 to 20 (P < 0.009). Oligosaccharidase-specific activity from a short (4 to 6 glucose units) oligosaccharide substrate was essentially identical to oligosaccharidase activity from the long (22 to 24 glucose units) substrate reported above (data not shown).
Dry Matter Digestibility and Digesta Dry Matter Content
Dry matter content of the digesta from the distal rectum averaged 21.3 ± 0.1% on d 10 and 25.2 ± 0.1% on d 20, regardless of dietary treatment (data not shown). The replacement of lactose with CSS did not affect (P > 0.15) the dry matter content of the digesta, nor did the dry matter content of the digesta change over time. The dry matter apparent digestibility of the diets averaged approximately 85.6 ± 0.8% (data not shown), regardless of dietary treatment and was unchanged from d 10 to 20 (P > 0.13).
Plasma Urea Nitrogen
Plasma urea nitrogen concentrations averaged approximately 5.1 ± 0.3 mg/dL when treatments were begun, rose steadily in pigs fed lactose from d 0 to 10 of treatment (P < 0.001), and then remained constant for the duration of the study at approximately 19.4 ± 1.0 mg/dL ( Figure 5 ). Concentrations of PUN were lower on d 5 for pigs fed CSS compared with pigs fed lactose (P < 0.013). However, PUN concentrations for pigs fed CSS rose to those of pigs fed lactose by d 10 and were not different (P > 0.10) for the remainder of the study.
Discussion
The nutritional needs of the neonatal pig are presumably met from milk furnished by the lactating sow. However, the artificial rearing of pigs has consistently produced growth performance that has equaled or exceeded pigs reared on the sow. Pigs in the present study gained 382 ± 14 g/d and averaged 9,845 ± 191 g at 22 d of age, which is in agreement with other studies that have shown similar or often superior growth performance of artificially reared compared with sow-reared pigs (Lecce and Coalson, 1976; Newport, 1979; Heo et al., 1999) . This suggests that opportunities exist to reduce days to market weight by improving growth performance during the neonatal phase of growth because improvements in performance in early phases of growth are not lost in subsequent phases (Mahan and Lepine, 1991; Harrell et al., 1993; Kim et al., 2001) .
Overall, the replacement of lactose with CSS did not affect growth performance, ADFI, or G/F. However, pigs fed lactose had greater growth performance from 10 to 20 d of the study. Also, pigs fed CSS had similar whole body accretion rates of protein, water, lipid and ash as those pigs that were fed lactose. In previous studies, performance of pigs fed starch as the primary carbohydrate source has not equaled that of pigs fed lactose, glucose, or pigs reared on the sow (Cunningham, 1959; Mateo and Veum, 1980; Veum and Mateo, 1981) .
The apparent dry matter digestibility of the diets averaged 85.6 ± 0.8% and did not differ between dietary treatments. This corresponds to earlier research with starch based diets compared with milk-based diets (Cunningham and Brisson, 1957; Cunningham, 1959; Leibholz, 1982) . Although the apparent digestibility of the diets did not differ in previous studies, pigs consuming starch did not perform as well as pigs fed lactose or glucose. Lebholz (1982) observed a 25% reduction in feed intake in pigs fed wheat starch compared with lactose starting at 7 d of age. Likewise, Veum and Mateo (1981) observed decreased growth rates but a similar apparent digestibility of the diets in pigs fed cornstarch compared with pigs fed glucose. After 15 d of age, pigs fed cornstarch consumed 21% less feed than pigs fed glucose. Growth performance and feed intake were sim-ilar from 8 to 15 d of age, but pigs fed cornstarch had a 15% mortality rate compared with 8% for pigs fed glucose. When pigs fed glucose were restricted to the feed intake of pigs fed cornstarch, air-fed to pigs fed cornstarch, no differences were observed in growth rate or live weight from 8 to 36 d of age. Intestinal morphology and disaccharidase activity was not investigated in these studies, so it is impossible to determine whether the decrease in feed intake was due to the pigs' inability to utilize the diets or because of the low palatability of the diets. In the current study, PUN concentrations did not differ among dietary treatments, other than d 5, indicating that partially hydrolyzed CSS was utilized similarly to lactose to meet energy requirements and dietary amino acids were not oxidized for energy. Again, these data correspond to previous research (Veum and Mateo, 1981) , in that cornstarch did not alter PUN concentrations from 8 to 36 d of age.
Small intestinal morphology has typically been used as an estimate of intestinal health in pigs (Argenzio et al., 1990; Li et al., 1990; Zijlstra et al., 1996) . In the current study, jejunal and ileal villi height averaged approximately 0.91 ± 0.03 and 0.72 ± 0.02 mm, respectively, regardless of dietary treatment, which was shorter than d-0 pigs. The decrease in villi height with age is in agreement with other researchers (Kelly et al., 1991a; Pluske et al., 1996; Zijlstra et al., 1996) . Also, crypt depths increased from 0.18 ± 0.01 mm on d 0 to an average of 0.2 ± 0.01 mm on d 10 and 20 for all treatments. Increased crypt depth could indicate an increase in mitotic activity in the crypt due to intestinal distress (Argenzio et al., 1990) . Crypt depths have been reported in other studies (Pluske et al., 1996) that are similar to those found in pigs in the present study. Kelly et al. (1991a) have reported crypt depths of 0.2 mm or greater at 19 d of age in pigs that were weaned at 14 d of age and fed cereal-based diets. The decrease in villi height and increase in crypt depth compared with initial pigs may indicate compromised intestinal health in the current study, but values are similar to results from other studies of pigs fed manufactured liquid diet but lower than similar aged sow-reared pigs (data not shown). However, the level of performance of the pigs in the present study indicates sufficient intestinal health for optimized growth.
Intestinal lactase activity is high at birth and reaches maximum activity at approximately 1 wk of age in both pigs (Manners and Stevens, 1972; Ekstrom et al., 1975) and rats (Lee et al., 1997) and is consistent with the performance of neonatal pigs fed lactose in manufactured liquid diets. As previously mentioned, pigs fed starch in manufactured liquid diets have not performed well (Cunningham and Brisson, 1957; Cunningham, 1959; Leibholz, 1982) presumably because of the neonatal pig's enzymatic insufficiency to hydrolyze the polysaccharides to free glucose. In the current study, the replacement of lactose with CSS did not affect lactase, maltase, or oligosaccharidase activities. Comparatively, similar aged sow-reared pigs have two-to threefold greater lactase-specific activity, but approximately 50% of the maltase and oligosaccharidase activity, of pigs in the present study (data not shown). The inability of diet to affect lactase activity is well documented (Ekstrom et al., 1976; Castillo et al., 1990; Weaver et al., 1991) . In addition to the effects of diet on lactase activity, previous studies (Aumaitre and Corring, 1978; Kelly et al., 1991b; Zhang et al., 1997) have found a decrease in lactase activity distally along the length of the small intestine. In the current study, jejunal lactase specific activity did not change from d 0 to 10 or from d 10 to 20. However, ileal lactase activity decreased from d 10 to 20 for all dietary treatments. Therefore, the characteristic decline in lactase activity with age was not found, particularly in the jejunum. Initial lactase activities found in the current study (approximately 350 ± 35 µmol glucoseؒmin ؒg protein −1 observed by Aumaitre and Corring (1978) , which may explain the lack of depression of the enzyme activity with age. In addition, the high levels of carbohydrate in the diets will result in high concentrations of monosaccharide product in the unstirred water layer of the small intestine. Alpers and Gerber (1971) , in an in vitro study using human intestine, observed product inhibition of disaccharidase enzymes at luminal concentrations much lower than what would be expected in pigs fed high levels of carbohydrate, such as in the present study.
Maltase activity increases sharply in pigs after approximately 1 wk of age (Aumaitre and Corring, 1978) . The current study agrees with these findings, particularly in the ileum where maltase activity rose fourfold from d 10 to 20, regardless of dietary treatment. Similar to lactase, maltase activity decreased distally along the small intestine. Again, the decrease of enzyme activity in the distal small intestine has been reported for maltase (Kidder and Manners, 1980; de Passille et al., 1989; Kelly et al., 1991b) . Physiological adaptation to starchbased diets in the way of increased enzyme activity has been observed (Shields et al., 1980) . However, for neonatal pigs, our data suggest that the temporal increase in maltase activity is similar for pigs fed lactose and CSS.
Similar to maltase, oligosaccharidase activity was not affected by dietary treatment, and the activity increased with age. Also, similar to maltase, oligosaccharidase-specific activity decreased distally in the small intestine. This is expected because of the similarity of substrates with maltase. Most dietary oligosaccharides require a full complement of enzymes, collectively called oligosaccharidases, to be fully digested before absorption. These enzymes, including glucoamylase and the double molecule sucrase-isomaltase, reside on the brush border of the small intestine (Lorenzsonn et al., 1987; Naim et al., 1988) . The activities of these enzyme systems increase with age (Gray, 1992) , and sucrase-isomaltase mRNA levels are increased with high-carbohydrate diets in a rat model (Yasutake et al., 1996) . In addition, Emvo et al. concluded that the dietary effects on sucrase-isomaltase are independent of hormonal effects on cellular proliferation and the effects of circulating glucocorticoids, which are known to be an important factor in the regulation of the enzyme's expression (Doell and Kretchmer, 1964) . The current experiment agrees with these data, in that neonatal pigs appear to be more proficient in utilizing morecomplex diets with increasing age. However, oligosaccharidase activity was unaffected by feeding CSS, suggesting that pigs fed lactose have the ability to utilize more-complex diets.
Implications
The results of this experiment clearly show that partially hydrolyzed corn syrup solids can replace lactose as the sole carbohydrate in manufactured liquid diets. Furthermore, the growth performance of pigs in this study is equal to or superior to data in the current literature for pigs weaned at 1 day of age and older. Overall, the replacement of lactose with partially hydrolyzed corn syrup solids did not affect growth performance, dry matter digestibility of the diets, plasma urea nitrogen concentration, intestinal morphological measurements, or enzyme activity. The use of corn syrup solids can provide an alternative to lactose in manufactured liquid diets.
